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Abstract 
Typical asphalt pavements consist of two or three asphalt layers which are installed successively. Construction and road closure 
times could be reduced, if those layers were built simultaneously. As part of the project “Construction Time Reduction by 
Optimized Asphalt Pavement“ concepts were developed to enhance the compact asphalt pavement method in terms of installing 
thick asphalt layer packages by a single paver passage. For this purpose, a new base/binder course mix AC 45 B/T S was 
designed that can be installed in thicknesses of 20–22 cm and serve as a base for a simultaneously built, very thin surface course. 
Furthermore, paving and compaction equipment as well as roadwork processes were adjusted to the new method. First tests on 
proving grounds have shown paving results that were technically equivalent to conventional asphalt structures. Computational 
analyses have shown a lower fatigue sensitivity for the structures built by the new method. Paving test tracks on the German 
federal road B 68 and German motorway A 96 has proven that laying of all asphalt courses in one step is viable even under real 
site conditions and that it effects a significant reduction in construction time. Although reclaimed asphalt material was used for 
the base courses of both projects (up to the amount of 60 M.-%), most technical requirements were achieved. Evenness turned out 
to be the only critical factor. Compaction loads on hot and thick layer packages evoke deformations, especially in the edge zones. 
The stability of the edges has to be improved by the development of new compaction modules. 
© 2016The Authors. Published by Elsevier B.V.. 
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1. Introduction 
Short construction and closure times on road networks with high traffic volume are an important factor for 
national economies. This applies in particular for the predominant structural maintenance of existing asphalt roads. 
By fast paving across the entire width, time-consuming construction in multiple sections can be avoided. This also 
reduces quality relevant weak points, such as joints. A further acceleration of paving processes can be achieved by 
simultaneously placing complete layer packages consisting of a thick asphalt base course and a very thin wearing 
course. This idea is an enhancement of the compact asphalt pavement method, which is usually applied to build 
binder course and wearing course by a single paver passage. The German Federal Highway Research Institute 
(BASt) initiated the project “Construction Time Reduction by Optimized Asphalt Pavement” in 2012 to advance the 
basic idea of a modified compact asphalt pavement method into a feasible concept for construction time reduction 
and improvement of quality. The concept is intended to support future maintenance projects within the German 
federal highway network under minimal traffic obstruction. 
The Chair for Road and Pavement Engineering at TU Darmstadt carried out lead management and asphalt-
-technological research. Suitable material parameters and layer thicknesses for the enhanced compact asphalt method 
had to be identified and proven by asphalt-technological examination and computational design. The Institute for 
Agricultural Machinery and Renewable Energy at Cologne University of Applied Sciences performed the essential 
enhancement of paving and compaction machinery. The roadwork contractor Hermann Kirchner GmbH 
(STRABAG) created the transfer of asphalt-technological and mechanical concepts into processes and practice. 
2. Basic concept 
2.1. Application for maintenance on roads with high traffic volume 
The prior field of application of the modified compact asphalt method are maintenance projects on roads with 
high traffic intensity under partial replacement of existing layers. Usually, the existing construction is being milled 
off to a certain height of the asphalt base course and then overbuilt in three paving steps, consisting of asphalt base, 
binder and wearing course. The new method replaces the binder and base course by a single thick layer, which is 
built simultaneously with a very thin wearing course (see Fig. 1). 
 
Fig. 1. Conventional and modified structural concepts for maintenance on roads with high traffic volume. 
2.2. Application for building new roads with low or medium traffic volume 
The modified compact asphalt method can also be used for building new roads for low and medium traffic loads 
in short time. A common structural concept for those roads consists of a 12 cm asphalt base course, a 6 cm asphalt 
binder course and a 4 cm asphalt wearing course. By using the new method, those three steps are substituted by 
installing a 20 cm asphalt base and a 2 cm asphalt wearing course in one paving step (see Fig. 2). 
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Fig. 2. Conventional and modified structural concepts for building new roads with low/medium traffic volume. 
3. Asphalt technology 
3.1. Basic requirements for asphalt wearing and base course 
The new method’s design is based on an extraordinary thick, single-layer asphalt base course and the lack of 
a binder course. For the target application scenario 20–22 cm of base course asphalt have to be installed in one step, 
whereas conventional thick base courses consist of multiple layers. Literature studies regarding the composition of 
asphalt mixes for very thick layers were inconclusive. Therefore, The mixture composition of the new method’s 
base course had to be experimentally adapted to meet the following requirements: 
x full-depth compactability and homogeneity (no segregation) 
x sufficient bond with underlayers and wearing course 
x combination of base and binder course properties 
Experiences with standard compact asphalt have shown that wearing course asphalt mixtures AC 8 D S and 
SMA 8 S (according to German technical codes) in thicknesses of 2–2.5 cm are suitable for simultaneous paving. 
Those mixtures don’t have to be adapted if the base course below ensures sufficient evenness and stability. 
3.2. Aggregate sizes and distribution 
The quadruple of the maximum nominal aggregate diameter is regarded as the upper limit of asphalt layer 
thicknesses. German technical guidelines for structural maintenance of asphalt pavements (ZTV BEA-StB) already 
exceed this rule by allowing a maximum single-layer thickness of 18 cm for the most coarse-grained mixture 
AC 32 T S (max. 32 mm). The new method demands a further increase in layer thickness, which is why the max. 
nominal aggregate diameter has to be increased. In consideration of production-related limits of mixing plants and 
the availability of standard grading fractions, a combined asphalt base and binder course mixture AC 45 B/T S (max. 
45 mm) was designed. It should form a stable granular structure with a dense arrangement of coarse grain to allow 
the load transfer from surface to underlayers. The coarse grain aggregates should therefore have a high rock strength 
(e.g. basalt, greenstone, gabbro) and a compact shape. Binder course properties, such as a good layer bond and 
a restricted air void content from 5.0–8.0 V.-% (Marshall specimen), are ensured by a high fine grain amount. 
Weller (2013) has already developed gradation curves for a coarse-grained asphalt base course mixture AC 45 T S. 
On this basis, further variations with higher amounts of aggregate ≤ 2 mm for a denser structure were designed and 
tested under laboratory conditions. Marshall specimens (diameter 150 mm) were produced for every variant and 
analyzed especially with regard to their aggregate and air void distribution, as well as indications of disintegration. 
As coarse-grained mixes are known for segregation sensitivity, also segregation analyses were performed according 
to DIN EN 12697-15 (2003). The most suitable curve is based on shifting each sieve passing value of the standard 
base course AC 32 T S towards the next higher standard sieve size. For aggregate sizes ≤ 2 mm the curve section of 
AC 22 B S was used. The resulting gradation curve range can be seen in Fig. 3. 
3565 Moritz R.D. Tielmann and Stefan Böhm /  Transportation Research Procedia  14 ( 2016 )  3562 – 3571 
 
Fig. 3. Gradation curve range AC 45 B/T S. 
3.3. Binder type, sort and content 
The combined binder and base course represents almost the complete thickness of the asphalt superstructure. 
Choosing a suitable binder for this layer is therefore highly important for the whole structure’s performance. The 
binder has to ensure a sufficient and durable adhesion between the aggregates and has to withstand traffic and 
temperature strains. For testing grounds and tracks polymer-modified bitumen (PmB 25/55-55) was used. Standard 
bitumen 30/45 or 50/70 could also be employed for lower traffic loads. 
German technical delivery terms (TL Asphalt-StB) recommend minimum binder contents for base course 
mixtures depending on their maximum aggregate diameter. The scaling of those recommendations up to a maximum 
aggregate size of 45 mm, leads to an amount of 3.6 M.-%. Because of the binder course characteristics and higher 
fractions of fine grain an increase of the effective minimum content of bitumen is required. By means of laboratory 
tests a minimum binder requirement of 4.0 M.-% could be identified. 
3.4. Technical requirements for AC 45 B/T S 
Conceptual work and laboratory testing led to a set of requirements for the asphalt mixture AC 45 B/T S, which 
are shown in Table 1. Those requirements were compulsory for initial testing of the asphalt manufacturer, a test 
mixing process in a mixing plant and testing grounds. 
3.5. Use of reclaimed asphalt 
Constructing or reconstructing asphalt roads demands extraordinary large amounts of aggregates and bitumen. 
Due to economical, ecological and political reasons, the reutilization of used asphalt is a growing market. Several 
federal states of Germany claim “maximal recycling” in terms of using up to 90 M.-% milled of asphalt in new base 
course mixtures. This circumstance had to be considered within this project.  
Recycled asphalt has to meet a couple of important requirements. Its grain size distribution and bitumen 
properties have to be compatible with the projected mixture. If applicable, additives and selected aggregate fractions 
have to be added. Besides, milled off material has to be homogeneously composed to ensure a consistent quality.  
For this project’s testing grounds and tracks there was no asphalt granulate provided, that could be compared to 
the grain size requirements of the mixture AC 45 B/T S. For this reason, a maximum of 60 M.-% recycled asphalt 
base course material was used and supplemented by coarse grain to fit the mixture to the projected grain size 
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Table 1. Requirements for AC 45 B/T S. 
description unit AC 45 B/T S 
material   
aggregate   
content of crushed aggregate surface  C50/30 
minimum content of fraction 0/2 with ECS35 % 50 
binder, type and sort  PmB 25/55-55 
50/70 
30/45 
composition of asphalt mixture   
aggregate mixture   
sieve passage at sieve size   
63 mm M-% 100 
45 mm M-% 90–100 
31.5 mm M-% 75–90 
22.4 mm M-%  
16 mm M-%  
11.2 mm M-%  
2 mm M-% 25–33 
0.125 mm M-% 5–10 
0.063 mm M-% 3–7 
minimum binder content  Bmin 4.0 
asphalt mixture   
minimal air void content (Marshall specimen)  Vmin 5.0 
maximum air void content (Marshall specimen)  Vmax 8.0 
4. Machinery 
Paving a very thick base and a very thin wearing course simultaneously and at common paving speeds, high 
demands on the technical capability of the compact asphalt paver have to be met. First of all, an extraordinary large 
amount of base course mixture has to be placed to fit the required cross-section line and level. Moreover, this 
mixture with a maximum aggregate diameter of 45 mm is more coarse-grained than conventional mixtures. This 
requires mechanical enhancements in paving screed technology and harmonization of velocity dependent parameters 
of base and wearing course screeds. In this project, the paving screed for the base course was adapted as follows:  
x increase in the head of mix in front of the screed and in the intake-angle at the front panel of the screed 
x adaption of edges and plates to avoid segregation 
x flattening of the tamper angle and chamfering of the front edge of the screed plate 
x increase in the weight of the screed with statically loads and strengthening of screed support 
x adaption of a vibrating side plate ski to shape and compact the pavement edges over full depth 
x use of maximal parameters for tamper (lift and rotational speed), screed plate (vibration, pressure, rotational 
speed) and pressure bar (pressure, frequency) to achieve a high level of pre-compaction 
 
The paving screed for the wearing course does not differ from the conventional compact asphalt method. Due to 
the low paving speed, minimal parameters (tamper and pressure bar) should be chosen. 
5. Roadwork processes 
To transfer the modified compact asphalt method into practice optimization of processes on two levels was 
necessary. First of all, machinery parameters and configurations for paving and compacting had to be adapted to 
technical features of the new method. At the beginning of this project there has not been any experience in the 
compaction behavior and thus in the final layer thicknesses of extraordinary thick and coarse-grained asphalt base 
courses. This includes also the stability of the exposed edges under compaction load. Because of the great 
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importance of compaction results for the overall quality, usability and durability, different compaction strategies had 
to be proven on the testing grounds and tracks. 
Furthermore, acceleration of construction and closure times causes exceptional demands on the mass handling 
capacities for milled material and asphalt mixture. As maintenance projects with partial replacement of existing 
layers are the prior field of application for the new method, it has to be ensured that milled material can be cart off 
the place of extraction quickly and in high quantity. Regarding paving processes, a consistent paving speed is 
essential for quality and can only be achieved by an uninterrupted delivery of asphalt mixture. The modified 
compact asphalt method requires much mixture in short time, which can only be managed by the coordination of 
several mixing plants. This includes the different production and transportation capacities working in harmony. 
In preparation for the test tracks B 68 and A 96 logistical processes were analyzed with respect to potential 
improvements. The identified optimizations were considered in detailed concepts for the logistic of milled and 
asphalt mixture material and successfully implemented within the construction processes. The following showed to 
be the most important factors regarding a faster handling of large amounts of material: 
x coordination of the concept between all involved parties, esp. under consideration of the particular capacities 
x pulsing of vehicle approaches and departures under consideration of time buffers 
x use of feeders and transport vehicles, which are equipped with pushing modules instead of dumpers 
x harmonization between milling/asphalt mixing plant performances and transportation capacities 
x numbering and color marking of milling/paving machines and transport vehicles 
x provision of sufficiently large waiting, shunting and cleaning zones 
x use of data terminals for the documentation of delivery notes and results of acceptance testing 
x coordination by a central unit/organization 
6. Testing grounds and tracks 
6.1. Small-scale testing grounds 
Before the modified compact asphalt method and the new mixture AC 45 B/T S were used for real paving 
projects, proving of the technical suitability had to be done on small-scale testing grounds (4×25 m). Those were 
built on the premises of Hermann Kirchner GmbH (Bad Hersfeld). 
6.1.1. Concept 
The two scenarios of application (new roads and maintenance, see chapter 2) were simulated on the testing 
grounds as modified compact asphalt structures and conventional structures (for comparison) according to German 
guidelines (RStO). Two other tracks have been built for pre-proving machinery parameters and for comparison with 
the recommended maximum single-layer thickness of 18 cm for structural maintenance (ZTV BEA-StB). The 
reference fields were built without binder and wearing course because those layers don’t make a significant 
contribution to the load-bearing behavior, as well as the achievement of sufficient surface characteristics with 
conventional paving methods is technically uncritical. For detailed concepts and layers see Table 2. 










1 new road conventional - - 12 cm AC 32 TS unbound 
2 new road modified compact asphalt 2 cm SMA 8 S - 20 cm AC 45 B/T S unbound 
3 maintenance modified compact asphalt 2 cm SMA 8 S - 22 cm AC 45 B/T S asphalt base course 
4 maintenance conventional - - 18 cm AC 32 TS asphalt base course 
5 - pre-proving of machinery parameters - 
6 maintenance conventional - - 12 cm AC 32 TS asphalt base course 
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6.1.2. Construction preparation 
By performing a test mixing process for the mixture AC 45 B/T S it has been found that the maximum aggregate 
diameter of 45 mm does not cause any technical or procedural problems in mixing plants. The mixture appeared 
homogeneously mixed and each aggregate had a sufficient bituminous coating. Paving and compacting machinery 
was adapted as outlined before. 
6.1.3. Paving and compacting 
The testing grounds were built on 06/15/2014 under changing weather conditions. Dynapac CM 3000 paver with 
compact asphalt module and a feeder (Dynapac MF 300) were used. The pre-compacted binder/base course 
appeared even, densely arranged and without notable segregation. Also the surface of the wearing course behind the 
paver looked even and uniformly dense (see Fig. 4). 
 
Fig. 4. (a) Surface of binder/base course in front of the wearing course screed; (b) Surface of wearing course before roller compaction. 
Based on the experience with conventional compact asphalt, the thick layer packages were initially rolled with 
low static load, then compacted four times with vibration and high load and finally statically smoothed. It turned out 
that edge regions were instable under dynamic compaction, probably due to an insufficient pre-compaction of edges 
by the paver. Furthermore, the edges showed an unsatisfactory appearance after shaping with conventional roller 
modules (see Fig. 5), hence the design of a special edge shaping and compacting module for the paver was initiated. 
 
Fig. 5. (a) Instability of edge regions under dynamic roller load; (b) unsatisfactory appearance of edges on thick compact asphalt packages vs. 
typically shaped edges on reference layer. 
6.1.4. Paving results 
Laboratory testing of the mixtures used for paving showed a consistent compliance with initial testing results. 
A segregation analysis (DIN EN 12697-15 (2003)) did not provide any noticeable segregation tendency of the 
mixtures. The projected layer thicknesses were reliably achieved (see core example in Fig. 6 (a)).  
The longitudinal evenness of the modified compact asphalt wearing course surfaces was very good (example see 
Fig. 6 (b)). The limits of 6 mm respectively 4 mm according to German technical codes for the construction of 
asphalt pavements (ZTV Asphalt-StB) were not exceeded at any position. 
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Fig. 6. (a) Core from testing ground 3 (mod. compact asphalt 22+2 cm on asphalt base); (b) Longitudinal evenness on testing ground 3. 
Transversal evenness of the compact asphalt wearing courses was recorded as cross profiles in distances of 5 m 
by use of a 4 m-bar. In the middle of the surfaces the limits of 6 mm respectively 4 mm (ZTV Asphalt-StB) were not 
exceeded. In edge regions the unevenness increased considerably (see Fig. 7), as outlined before. 
 
Fig. 7. Transversal evenness on testing ground 3 (top view). 
The „Leutner shear procedure“ was used to quantify the layer bond. It was found, that the bond between the 
layers of modified compact asphalt is higher than the bond between the layers of conventionally built reference 
testing grounds (see Table 3). The utilization of polymer modified bitumen and the immediate application of the 
wearing course on a hot base are probably reasons for those higher bond values. 
Table 3. Layer bonds on testing grounds. 
Upper layer Lower layer Average shear force Requirement (German guidelines) 
wearing course SMA 8 S base course AC 45 B/T S 33.0 kN 15.0 kN 
base course AC 45 B/T S existing asphalt base 21.3 kN 12.0 kN 
base course AC 32  T S existing asphalt base 11.5 kN 12.0 kN 
Asphalt cores were cut into several disks, which were analyzed in view of their volume density to quantify the 
development of compaction over depth (see Fig. 8 (a)). One can see the thick base course layers AC 45 B/T S have 
very high degrees of compaction (up to 103%) in the upper layer regions. The values initially decrease little over 
depth but then show a significant decline towards the bottom layer regions, where a minimum value of 97.5% was 
detected. The thinner reference base courses AC 32 T S have lower degrees of compaction on the upper side (about 
100.5%), which decrease slightly towards the bottom (about 99.5%). Both method’s mean value of about 100% is 
comparable as well as the curve’s gradient of decrease. 
Bearing capacities of the testing grounds were measured by dynamic tests with a falling weight deflectometer 
(FWD) before and after paving. Mean elastic modules of asphalts for high traffic loads (see Bald et al. (2011)) were 
set in, to back-calculate the load distributing asphalt thicknesses based on detected deformation values. The true 
overall thicknesses were well-known from extracted cores, so that a simple comparison between calculation results 
3570   Moritz R.D. Tielmann and Stefan Böhm /  Transportation Research Procedia  14 ( 2016 )  3562 – 3571 
and true values could validate the estimated elastic modules. On testing ground 3 for instance, the average measured 
overall thickness was 35.9 cm, whereas back-calculation with an estimated E1-modulus of 2000 N/mm2 (at 30 °C) 
resulted in a load distributing thickness of about 34 cm (see Fig. 8 (b)). Within the limits of accuracy of this 
computation, it can be assumed that the bearing capacity of modified compact asphalt structures is comparable to 
conventional asphalt structures for high traffic loads. 
For comparison of theoretical life times, additional material parameters were gained from asphalt cores. 
A computation with a pavement design tool (PaDesTo) resulted in slightly lower fatigue states for the modified 
compact asphalt structures. 
 
Fig. 8. (a) Degrees of compaction in different base course depths of the testing grounds; (b) Back-calculated load distributing thicknesses on 
testing ground 3. 
6.2. Test track B 68 
First testing of the modified compact asphalt method under real roadwork site conditions was done on a test track 
on German federal road B 68. In a 1.2 km section between the towns of Quakenbrück and Badbergen parts of the 
asphalt pavement structure had to be replaced. For this purpose a 20 cm thick base/binder course AC 45 B/T S and 
a 2.5 cm thin wearing course AC 8 D S were simultaneously built on a milled off asphalt base. Pavement was done 
on 29th of August 2014 and lasted approximately twelve hours. Pavement with conventional three-layer paving 
methods would have required a construction time of at least three days.  
Technical results were mainly compliant with requirements and comparable to conventionally built asphalt roads 
except for the evenness. Both, in longitudinal and transversal direction, partially significant exceedances of 
permitted tolerances were measured. Unevenness of the existing milled off asphalt base, frequent changes in cross 
direction profiles, paver standstills and considerable variations in the delivered mixtures’ compositions are probably 
the reasons for the unevenness measured on the surface. In addition, the projected edge compacting module for the 
paver was still in design phase, which could have led to an insufficient stability of edge regions. 
6.3. Test track A 96 
Further process improvements with regard to a faster handling of large amounts of material were tested within 
a maintenance project on German motorway A 96. On a 4.0 km section near Leutkirch parts of the asphalt pavement 
were replaced by different variations of compact asphalt superstructures. Milling and paving was done from  
15th–17th of October 2014. As the new mixture AC 45 B/T S couldn’t be used due to the lack of coarse grain in that 
region, standard mixtures AC 32 T S and AC 22 T S were applied with recycling rates up to 60%. Fig. 9 (b) shows 
the resulting range of gradation curves for the mixture AC 22 T S, which were determined by quality checks at 
various points. Despite the high amount of asphalt granulate, all batches correspond well with the requirements from 
initial testings. 
Logistic concepts for milled and mixture material were developed under consideration of the points mentioned in 
chapter 5 and the experiences from test track B 68. They proved to be an appropriate instrument to reduce 
construction time. Especially the use of separate feeders for base and wearing course mixtures, as well as pushing 
modules on transport vehicles (both see Fig. 9 (a)) accelerated handling times. 
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Fig. 9. (a) Parallel use of feeders for wearing and base course; transport vehicles with pushing module (left) and dumper (right), (b) gradation 
curve ranges for AC 22 T S (60% recycled). 
7. Conclusion 
The project described in this paper dealt with the idea of accelerating construction times by laying all asphalt 
courses in one step. For this purpose the compact asphalt method was developed further and complemented by 
a combined base/binder asphalt mixture AC 45 B/T S. Large-scale production of this extraordinary coarse-grained 
material in asphalt mixing plants was technically uncritical and resulted in homogeneous mixtures. Also paving with 
base course thicknesses of 20–22 cm on testing grounds and a test track on German federal road B 68 was 
successful. Regarding the technical requirements, pavement results were mainly equivalent to conventional paving 
methods. Evenness, however, turned out to be a problem. It is unquestionable that simultaneous paving (compared 
to layerwise paving) offers no possibility to compensate unevenness of subjacent layers. Underlayers therefore have 
to be particularly even. Furthermore it turned out that edge regions of thick asphalt layers are instable under roller 
compaction loads. Specific edge compaction and shaping modules for the paver were therefore designed within this 
project. Further research is necessary especially in the theoretical description of compaction behaviour, including 
more detail about the decrease of compaction in lower layer sections and its influence on the pavement durability. 
In view of roadwork processes, the handling of especially large amounts of material in short time steps is 
a peculiarity of the modified compact asphalt paving method. Milled off material has to be cart off without 
interruptions, as well as a continuous delivery of asphalt mixture has to be ensured. Specific concepts for the 
optimization of material logistics were developed and proven. The combination of a new paving method and 
optimised logistics led to significantly shorter construction times compared to traditional paving methods. 
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